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Abstract 
By using the knowledge filter system and entrepreneurship theory, the paper focused on the relationship of university-specific R&D spillovers 
and innovative growth based on the modified knowledge production function (KPF). Taking “New 3-Zone Interaction Engineering” as the 
example, the results demonstrated that the entrepreneurship could penetrate the knowledge filter system and stimulate the commercialization of 
the knowledge, consequently promoted the contribution of the spatial knowledge spillovers to the regional economic growth. “New 3-Zone 
Interaction Engineering” referred to the project of co-operation and interaction of the university, the science park and the community, which 
had been recently launched in Dalian High-technology Zone. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
There has been much recent interest in the research on the technology, innovation and economic growth from academia. The 
application of the theory of new economic geography, popularization of the theory of increasing returns and the rapid 
development of computational science have provided a theoretical and technical fundamental for the exploring “economic 
growth” problem. At present, the research about the mechanism of spatial knowledge spillovers on economic growth has 
obtained achievements from the following two aspects. One was the spatial knowledge spillovers stimulated the technology 
advancements, therefore achieved the economic growth; the other was spatial knowledge spillovers facilitated the spatial 
clustering of economic activities, consequently urged the economic growth. From the point of the new perspectives, knowledge 
filter system and entrepreneurship, the paper tried to assess the contribution of university research and development (R&D) 
spillovers to regional economic growth. 
2. Literature Review
Universities’ R&D has been one of the important mechanisms of spatial knowledge spillovers because knowledge created 
by universities has some characteristics of public goods, which would create great value for firms and other organizations. The
national system of innovation (NSI) theory considers that the firm plays the leading role in the innovative activities. However,
the entrepreneurial university reshapes the institutional arrangement among universities, industries, and governmental agencies.
It extends its missions not only in accelerating the firm’s technology upgrading, but acting as the engine of the regional economic 
growth. In fact, it is playing a leading role in innovation in increasingly knowledge-based societies. Based on the evolutionary
model of how three selection environments operating upon one another, Henry Etzkowitz and Loet Leydesdorff[1] developed a  
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neo-institutional model of networks of relations among university-industry-government, which was the Triple Helix model. The 
main innovative actor is no longer being stressed in the triple helix model. On the one hand, university takes a more proactive
approach in the knowledge application and knowledge creation. On the other hand, the boundary of university and enterprises is 
no longer stable and it is taking “endless transition”. As shown in Figure 1, the Triple Helix model denoted not only the 
relationship of university, industry and government, but also generated a knowledge infrastructure in terms of overlapping 
institutional spheres, with each taking the role of the other and with hybrid organizations emerging at the interfaces[2]. 
The empirical studies have found significant effects of localized university spillovers[3-5]. However, most studies focus on 
the geographical coincidence between knowledge generated in universities and patents or innovation in private firms; only a few
empirical papers address new business location as the core of their analysis. In fact, university spillovers are relevant in 
explaining new business location in high-technology sectors. The evidence[6] suggests that new knowledge and technological-
based firms have a high propensity to locate close to universities. The number of firms which located close to a university is 
positively influenced by the knowledge capacity of this region and the knowledge output of a university[7]. Thus, there is 
considerable evidence suggesting that the knowledge spillover theory of entrepreneurship holds for regions as well as for 
industries. Cassia and Colombelli[8] explores the effect of scientific institutions on firm’s growth, coupling regional science and 
entrepreneurship approaches. The results supports the hypothesis that, controlling for firm’s idiosyncratic factors and external
forces, both universities knowledge input and output are important determinants of the growth of entrepreneurial firms listed on
the Alternative Investment Market (AIM). 
A strand of literature shows that increased entrepreneurship is associated with higher rates of employment and economic 
growth. Acs et.al[9] considered that the economic growth depends on knowledge accumulation and its diffusion through both 
incumbents and entrepreneurial activities. They developed the concept of knowledge filter system, which would function as a 
barrier limiting the total conversion of knowledge into new products, processes, and organizations[10] (Fig. 2). By characterizing 
the knowledge filter as “semi-permeable”, Acs et al.[9] contended that the conversion of knowledge in regional economies 
occurred only through the concerted actions and the bearing of relevant costs by the new and existing firms. They improved the 
microeconomic foundations of endogenous growth theory by developing a knowledge spillover theory of entrepreneurship, in 
which the creation of knowledge would increase technological opportunity. The theory shifted the analysis unit from 
exogenously assumed firms to individual agents with new knowledge endowments. Agents with new economic knowledge 
endogenously would pursue the exploitation of such knowledge that implied the existing stock of knowledge can yield spillovers.
It further suggested a strong relationship existing between such knowledge spillovers and entrepreneurial activity. In addition, it 
also successfully explained the non-systematic correlation between research and development (R&D) expenditure and gross 
domestic product (GDP) growth. Nevertheless, their concept did not account for universities as knowledge-producers and 
university–industry relations as a mechanism for knowledge spillovers.  
3. Research Hypothesis 
This paper will study regional economic performance by using a production function approach similar to Audretsch and 
Keilbach’s[11]. The entrepreneurship as well as university–industry-government relations are considered as possible 
transmission channels for knowledge. Thus, it would lead to the following hypothesis: 
• Hypothesis 1 The effects of the knowledge spillover on economic growth depends on research and development (R&D) inputs 
by the firm. 
On the one hand, firm-specific innovation relies on itself innovative capacity. On the other hand, the innovation also depends 
on the research and development (R&D) cooperation with other enterprises, universities and research institutions. Taking 
account of its advantages[12], such as jointing financing, sharing risks and costs, economies of scale and scope, the firm-specific 
innovation obviously provided effectively mechanisms of knowledge spillover, resources exchange and organize learning. 
Furthermore, if enterprises carry out more R&D activities, it is more likely to create innovation. 
• Hypothesis 2 Entrepreneurial activities have a positive impact on the rate of economic growth and commercialization of 
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knowledge. 
According to the knowledge spillovers theory of entrepreneurship developed by Acs et.al[9], the production of new 
knowledge by universities and research institutions included economically relevant knowledge and non-economically relevant 
knowledge. Economically relevant knowledge refers to applied research, which will encourage firm to create new economic 
opportunities and introduce new ideas in the market, while non-economically relevant knowledge is commonly basic research. 
Meanwhile, new knowledge is produced during entrepreneurial interaction and communication. Accordingly, entrepreneurial 
activities including start-ups probably are one of the significant channels of the commercialization of knowledge. 
• Hypothesis 3 Universities R&D spillovers will promote knowledge spillovers actors penetrating knowledge filter system, 
consequently, stimulating economic growth. 
University R&D spillovers channels can be broadly classified into the following three categories: publications and awards; 
sponsored research contracts and agreements, licenses and technology transfer; spin-off firms, science parks and hiring of 
students. We argue that universities are not just generators of commercialization of knowledge or highly qualified research 
scientist, but they provide other equally critical mechanisms of knowledge transfer, that is, the process of tacit knowledge 
changing into codified knowledge between universities and local actors.
• Hypothesis 4 Government’s direct R&D investment program plays limited role in firm-specific innovation. 
A comparison across a broad spectrum of countries revealed that, although receiving fewer R&D inputs from government, 
small and medium enterprises’ (SME’s) R&D and innovative outputs seemed to occupy a larger proportion than larger 
enterprises in the total economy[13]. As a result, it showed that SMEs had played an increasingly important role of driving 
engine of growth, job creation, and competitiveness in global markets. The reason of that situation is that innovation totally 
leading by government can only offer limited ideas and actions, sometimes even become obstacles of enterprises performance, 
that is, the constraints in the knowledge filter system. 
4. Data and Methodology 
Quite a few scholars accepted Krugman’s warning[14] that empirical measurement of knowledge spillovers would prove to be 
impossible because “knowledge flows are invisible, they leave no paper trail by which they may be measured and tracked”. 
Griliches[15], Jaffe[16], Audretsch[17] and Anselin[18] explored the measure of the knowledge spillovers by using patents and its 
substitution variable, patents citation, and knowledge production function (KPF). Traditional knowledge production function 
assumed that the present technology and knowledge level were determined by the past R&D investments. That is, economic 
relevant knowledge will bring innovation activity outputs when they are considered as innovation activity inputs, as shown in 
Eq(1):
INNO =output ξ ( INNO input φ)       (1) 
In order to test the hypothesis that whether the entrepreneurship and university–industry relations can stimulates economic 
growth, a Cobb-Douglas production function is employed to estimate regional economic performance in the Dalian Ganjingzi 
district (DGD) from 1998 to 2008.As shown in the following two formulas, four factors are considered: 
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The parameters of K,EN,U,G are on behalf of GDP, entrepreneurship, R&D expenditure of universities and R&D expenditure 
of government respectively; u represents the other factors (such as geographical distance, knowledge gap, technology distance 
and so on) influencing the stocks of knowledge spillovers. We use S (SCI \ EI \ CPCI-S indexed), P (number of patents) and L
(employment of university graduates) to explain the main sources of knowledge spillovers. The subscript t denotes year and the 
lag phase of knowledge spillovers is set to 2.  
The paper takes the “New 3-Zone Interaction Engineering” recently launched by the government of the Dalian city as the 
example. The “New 3-Zone Interaction Engineering” referred to the integration of the Dalian University of Technology (DLUT) 
and Dalian High-Tech industry zone, which would activate the co-operation and interaction of the university, science park and 
community. By launching the project, the goals of construction of the regional innovation development mode can be achieved. It 
will promote the High-Tech industry zone in the talent training and technology incubator base performed by universities and 
colleges. The “New 3-Zone Interaction Engineering” was benefit to the local geographic knowledge spillovers between 
university research and high technology innovations, and yielded positive effects between university research and innovative 
activity remarkably. 
Following variable indicators are selected: K is measured by gross domestic products (GDP) in the Dalian Ganjingzi district 
(DGD); EN is estimated by enter-exit rates of SME in the DGD; R is measured by internal expenditures for science and 
technology activities of SME in the DGD; U is measured by research funding of DLUT; G is measured by funding for science 
and technology activities from the DGD government sector. The data used in the paper was taken (or estimated) from <Dalian 
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Statistical Yearbook> and <Dalian University of Technology Yearbook> (1998-2008). Due to the employment of the DLUT in 
the Dalian high-tech zone is not reported, we use the number of sponsored research contracts as the alternative variable to replace
L, and the data can be acquired from DLUT Science and Technology Research Institute. 
5. Regression Results 
After taking the logarithms of Equation (1) and (2), we established 6 different models by increasing the explanatory variables 
one by one. With software E-views 6, Ordinary Least Square (OLS) and 2-Stage Least Square (2SLS) estimation method were 
used. However, it should be noted that OLS estimates will be biased and inconsistent when taking the lagged explanatory 
variables into account. As a result, the Durbin-Watson (DW) statistics are not valid. Considering the situations discussed above,
this paper applied Lagrange Multiplier statistic method to test the serial correlation of the disturbance terms and then revised the 
result using autoregressive AR (p) model. 
The regression results were shown in table 1. The adjusted R2 value of each model was robust (between 0.5-0.9), that is, the 
explanatory variables can explain the 50%-90% variation of dependent variable. In the model 1, we got 10% of significance, 
firm-specific R&D investment have a positive impact on Knowledge spillover, which verified the first hypothesis well. By 
adding explanatory variables EN, G and U respectively to the model 2, 3 and 4, the results indicated that all of the variables in
the models did not pass the significant test. In addition, because of the strongly exogenous between explanatory variables U, S, P 
and L, they were not added simultaneously into model 4 and 5. Model 5 and 6 both introduced explanatory variable S, P and L. 
Besides, using 2SLS method, model 6 obtained significant regression result. Thus, it demonstrated that publications and patent 
have more significant explanation to the university knowledge spillover compared with the human resources flows. The result 
also revealed that entrepreneurship can effectively overcome the barriers of knowledge spillover produced by knowledge filter 
systems, therefore the hypothesis 2 and 3 were accepted. As well, the table 1 also suggested that the explanatory variables G had 
obviously negative correlation with economic growth, although local government yearly increased the R&D inputs, which also 
supported the hypothesis 4. 
Table 1. Estimation results of knowledge filter, entrepreneurship and university R&D spillovers 
MODEL1 MODEL2 MODEL3 MODEL4 MODEL5 MODEL6 
OLS OLS OLS OLS OLS 2SLS
C(1) -1.3820* （2.062）
3.1745* 
（2.1324）
-0.7861*（
2.0864）
6.6258**（
2.2575）
1.7789*（
3.2827）
4.9420***
（2.6895
）
Ln R (-2) 0.5224*** （0.1795）
0.6459**（
0.1832）
0.0862**（
0.1562）
0.7739***
（0.1436）
0.0087**（
0.1391）
0.6012***
（0.4779
）
Ln EN(-2) 0.0096*（
0.3625）
0.8653**（
2.1874）
0.3369*（
0.1778）
0.0411*（
0.0091）
0.0319***
（2.8171
）
Ln G (-2) -0.7651**（0.1672）
-2.8915**
（0.184）
-0.8770*（
0.1822）
-2.3575***
（0.1971
）
Ln U(-2) 8.0578（
0.2708）
6.0341***
（3.2278
）
Ln S(-2) 0.4864*（
2.7928）
0.6450*（
0.1236）
Ln P (-2) 0.5476*（
2.0458）
0.4928*（
0.1195）
Ln L(-2) 2.7810***（1.6761）
1.5541***
（0.2246
）
R2 0.5475 0.5050 0.6279 0.8657 0.7701 0.9369 
D-W 2.0285 2.0013 1.9213 2.1095 2.1619 2.065 
Note: (-2) indicates the lag phase is 2;  
*statistically significant at the 1% level, 
 **statistically significant at the 5% level,
***statistically significant at the 10% level. 
    6. Conclusion and Policy Suggestions 
As discussed previously, the conclusions can be reached as follows. (1) Firm-specific R&D inputs are beneficial to knowledge 
spillovers. However, firms can’t obtain continuous innovation absolutely relying on its own R&D inputs. R&D cooperation 
between firms and universities or scientific institutions should be encouraged. (2) Academic R&D spillovers have a positive 
impact on the economic growth and regional knowledge spillovers. It is well known that excessive concentration of academic 
resources is not recognized by the community. The policy measures of research funds and regional development should be 
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integrated, therefore, to rectify the unevenly regional development. (3) Government’s direct R&D investment program plays 
limited role in firm-specific innovation. Drawing on the experiences abroad, government is no longer a leader in the regional 
level. Evidences have revealed that the government-industry-university triple helix innovative model is a better institutional 
arrangement. (4) Although entrepreneurial activities effectively penetrates the obstacles of the knowledge filter system, the 
academic entrepreneurship should simultaneously encouraged to serve as the linkage of knowledge spillovers system, hereby, to 
considerably realize the commercialization of knowledge and economic growth. (5) New ventures are a manifestation of the 
intersection of knowledge spillovers and entrepreneurial activity. The regression results demonstrated the role that new firm had
played in the commercialization of knowledge R&D by academic institutions and existing firms respectively. By starting a new 
venture, entrepreneurs not only created new firms, but provided a conduit for the spillovers of knowledge that might otherwise 
not have been commercialized and remained dormant in the incumbent firm or organization. 
In the summary, it is not well enough to stress the amount of R&D investment and the accumulation of the knowledge capital 
stocks only, more attention should be paid to explore entrepreneurial paths, break through the barriers of knowledge filter 
system, hence bring about sufficient knowledge flow. Taking this opportunity, it is essential to spur the new knowledge 
recognition, absorption and exploitation of the economic actors, spawn numerous innovations and consequently drive the engine 
of the regional economic growth. 
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